SUMMARY A computer system for reporting and recording all specimens processed by the routine bacteriology laboratory at the Royal Postgraduate Medical School is described. Features of interest are the method of input using a mixture of 3-character alphanumeric codes and numbers, cumulative reporting to the wards, and selective listing of relevant previous results for the patient, which is available to technical and supervisory staff during processing of the specimen. The relative value to the wards and the laboratory of each type of information transfer has been assessed. Overall the use of a computer has resulted in higher quality bench work and more accurate reporting. It seems little more expensive than a previous manual system, although it has transferred work from the technical to the clerical staff.
Secondly, the amount of information per record that we could store was limited, as was the supervisory skill necessary to ensure reliability and computer readability of the input. We therefore decided to record only those items that were to be reported (except for some additional sensitivity test results) and not information such as the details of sugar reactions and other identification tests of interest only within the laboratory. Thirdly, the computer had to be batch operated with a low cost input system based on paper tape produced by teletypes. Fourthly, we considered that transfer of information within the laboratory was potentially as important as reporting to the wards.
Specimens totalling about 60 000 per year are received in the laboratory accompanied by a form which gives details of identification of patients, including a hospital (case) number in most but not all instances (Fig. 1) . The form is used as a work sheet in the laboratory and for recording the eventual coded report. On arrival, a unique check lettered laboratory number, computer printed on six replicate self-adhesive labels, is affixed to the specimen, the form, and plates of culture medium used. The specimen is also allocated by technical staff to one of 19 types (Table 1) . The laboratory number, specimen type, hospital number, and other identification details are then punched on to paper tape by clerical staff. From this information is produced: 1 A day book. This lists specimen date, hospital number, sex, age, ward, consultant, specimen type, laboratory number, surname and forename(s), arranged in alphabetical patient name order. 2 A laboratory number list. This contains the same information as the day book arranged by order of the laboratory number and is used by technicians wishing to identify plates separated from their forms and to identify the initial omission of occasional specimens from the system. 3 A list of all specimens received from any of a group of up to 20 'active' patients (or wards) who are of special interest to supervisory staff. 4 Recall. The results of previous bacteriology are printed for certain types of specimen. Currently these comprise all types of specimen previously examined from patients with new blood cultures and antibiotic assays. In addition, all urines from patients who have previously had at least one urine with a significant growth of organisms cause recall of previous results of urines only, and similarly all peritoneal dialysis fluids selectively recall previous results on peritoneal dialysis fluids only. A similar indication of a previous positive result in any venereal serology test is given on receipt of a further serology request for the patient.
When laboratory work has been completed sufficiently for a report to be sent, the results are written on the request form and these are punched on to paper tape by clerical staff (Fig. 2) New entries can be added to any index, and the list of active patients or wards may be modified. After reports have been printed, the request forms are filed manually in separate dockets for each patient in alphabetic name order, so that records can be rapidly accessed for reviews on any patient. The computer records are held on magnetic tape, in order first of hospital number and then of laboratory number. The current tapes are archived monthly, specimens over 2 months old (6 months for blood culture and examination for mycobacteria) being removed, if complete, to storage tapes, which hold all records for a six-month period. The basic record for a patient remains until it has been dormant for nine months (five years if a positive venereal serology result has been entered). Lists of incomplete results are printed. Routine statistics on the number and types of specimen are produced. The report lists are stored, and an index to them is eventually prepared from the storage tape so that manual as well as computer access is available to archives. At weekly intervals lists are printed of positive blood cultures for the past month and of specimens from fee-paying patients for the past week.
Problem areas CUMULATIVE REPORTING
Cumulative reports are issued for all specimens other than those for quality control and from general practitioners. Cumulative reporting demands effective systems, firstly to ensure that a new specimen record is attached to the file of the correct patient, and secondly to detect and merge records with different hospital numbers for the same patient. Maintenance of accurate patient files is aided by the use of addressograph labels, with identification details, on the majority of request forms. When new records are merged by the computer, they are compared with identification details for the same hospital number in the old file. The value of the system Although accurate costing of the system is impossible, approximate estimates can be made of gains and losses on changing from the earlier arrangements, in which reports were prepared by technicians partly with preprinted adhesive labels and partly in handwriting. On the credit side, all technicians spend less time on writing reports; each gains perhaps 30-60 minutes a day. On the debit side, about half an additional clerical post is required, and a small proportion of the time of an experienced programmer is necessary for systems maintenance. To these debits must be added computing costs, which would be lower on a modern machine. On balance costs have remained similar or have increased slightly. However, certain major advantages, which cannot easily be costed, accrue: 1 The reports, including cumulative reports, are popular with clinical colleagues, particularly as they are brief and easily legible. A simple questionnaire was distributed through departmental secretaries with the request that it be given mainly to clinical registrars and senior registrars who would have remembered the older manual system and only to those consultants likely to have the actual management of their patient's notes. In the event, about half of the expected forms were returned, dependent mainly on the persistence of the secretaries; they were completed by 33 clinicians, of whom nine were consultants. Of the 27 with experience of the old system, 12 thought the computer system a considerable improvement and 12 an improvement, while two thought it less valuable. Of the 31 who answered the question on cumulative reporting (assessment on a five-point scale), 11 found it of considerable value, 19 of value, and one of no value; none found it a hindrance. 2 The reports are more accurate, due to the discipline engendered and to greater ease of final checking.
A computer-assisted bacteriology reporting and information system 3 There is greater awareness within the laboratory of important current results and of previous findings, leading to more cost effective bench work and to a more useful dialogue with clinical colleagues. 4 Telephone enquiries are answered more rapidly and effectively. 5 Stored data are much easier to analyse. This has already proved of considerable value, both in estimating from what source the laboratory work load arises and also for research projects. An approximate cost/benefit analysis of the various types of output from the system is set out in Table 2 , Table 2 . The laboratory number list could probably be omitted. Most of the recall would also be unnecessary, though it would seem desirable to retain the marking of a patient's record by the occurrence of a finding indicating a specific type of disease, such as a urinary tract infection or positive venereal serology. When the relevant type of specimen was received, a marked record would indicate the desirability of calling for a VDU display of previous records for the patient at the appropriate time, but without an actual list. Daily report lists would also be unnecessary, though an eventual hard copy would be desirable, perhaps at the time of archiving of the records. The advantages of an online system are considerable both in the speed with which it would provide access to patient's records and in the reduced volume of listing. New computer systems are likely to be on-line despite the technical problems involved. One of the merits of the current method for data entry, using a combination of mnemonic codes and numbers, is the ease with which it could be adapted to on-line use.
Discussion
There have been several recent reports of computer systems for reporting and storing results from microbiological laboratories (Andrews and Vickers, 1974; Vermeulen et al., 1974; Farrar et al., 1975; Kunz et al., 1975; Goodwin and Smith, 1976) . The system we have described is unique in selectively recalling past results on the patient early on the day after receipt of a relevant specimen so that they are immediately available for guiding the bench work and later for interpreting the results. This recall arrangement resembles scheme D of the Working Party of the Association of Clinical Pathologists (1968), though the latter scheme, based on experience in chemical pathology (Wootton, 1965) (Spraberry, 1969; Vermeulen et al., 1974; Kunz et el., 1975) . We do not know whether it is preferable to arrange cumulative reports primarily in date order, as we have done, or to divide them first according to the type of specimen.
The method of input to any computer system is decisive in whether the system is economical, relatively error-free, and easily comprehensible to technical staff. Many systems have used a code entry either largely numerical (Alexander et al., 1970; Harvey et al., 1972; Farrar et al., 1975; Goodwin and Smith, 1976; Whitby and Blair, 1970) or, as in our system, partly with mnemonic alphanumeric codes and partly with numbers (Kunz et al., 1975; Gaya and Thirlwall, 1976) . We believe that the mnemonic, self-checking nature of our coding is a considerable improvement on purely numerical methods. Other systems use optical mark sensing devices (Ayliffe and Chalke, 1973; Andrews and Vickers, 1974) ; these suffer from the disadvantages of high capital cost of equipment, liability to error (Gaya and Thirlwall, 1976) , and relative inflexibility, since it is much more expensive and time-consuming to redesign mark sensing forms than to change the vocabularies contained in our coding indexes. We believe it is a great advantage to have trained clerical staff punching the codes generated by technicians since they detect and correct a high proportion of the initial coding errors. In our experience, few technicians are prepared to refer at frequent intervals to written instructions for coding and they make mistakes with unusual reports. The additional money spent on clerical staff has been more than saved by reducing the work load on our technical staff. 
